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BOX PCT 

IN THE UNITED STATES DESIGNATED/ELECTED OFFICE 
OF THE UNITED STATES PATENT AND TRADEMARK OFFICE 
UNDER THE PATENT COOPERATION TREATY-CHAPTER II 

AMENDMENT "A" PRIOR TO ACTION 

APPLICANT(S): Stefan Schaeffler 

ATTORNEY DOCKET NO.: P99,2243 

INTERNATIONAL APPLICATION NO.: PCT/DE98/00850 

INTERNATIONAL FILING DATE: 23 March 1998 

INVENTION: "METHOD AND ARRANGEMENT FOR 

DETERMINING AT LEAST ONE DIGITAL VALUE 
FROM AN ELECTRICAL SIGNAL" 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Applicants herewith amend the above-referenced PCT application, 
and request entry of the Amendment prior to examination on the United 
States National Examination Phase. 

IN THE SPECIFICATION: 

On substitute page 1 , cancel the title and text above line 3, and 
insert the following above line 3: 

-TITLE 

METHOD AND ARRANGEMENT FOR DETERMINING AT LEAST ONE 
DIGITAL SIGNAL FROM AN ELECTRICAL SIGNAL 

RACKGROUND OF THE INVENTION 

The present invention relates to a method and an arrangement for 
determining at least one digital signal from an electrical signal.--; 

in line 7, cancel "[5]" substitute ~Yu-Li You et al., "Blind 

Equalization by Alternating Minimization for Applications to 
Mobilecommunications", Globecom '95, IEEE Global 



Telecommunications Conference, Singapore, Nov. 14-16 

1995, Vol. 1 , pp. 88-92,- tiierefor; 
in line 14, after the semicolon, insert -and--; 
in line 15, cancel "A" substitute ~a~ tlierefor; 
in line 22, cancel "[2]" substitute ~B. Frledrichs, "Kanalcodierung 

Grundlagen und Anwendungen in modernen 

Kommunikationssystemen", Springer-Verlag, 1996, pp. 69- 

125, 193-242,-- therefor; 
in line 23, cancel "[3]" substitute ~J. Hagenauer et al., "Iterative 

Decoding of Binary Block and Convolutional Codes", IEEE 

Trans, on Information Theory, Vol. 42, 1996,-- therefor; 
in line 25, cancel "[3]" substitute -J. Hagenauer et al., "Iterative 

Decoding of Binary Block and Convolutional Codes"-- 

therefor; 

in line 30, cancel "plurality" substitute -number- therefor; 
in line 31 , cancel the period. 

On page 2, in line 1, after "1=1,..., m" insert a comma; 

in line 7, cancel "Lj-values" substitute ~L-values- therefor; 

in line 8, after "(3)" insert a period; 

in line 1 1 , cancel "words" substitute -word- therefor; 

in line 17, cancel "[1]" substitute -B. Frledrichs, "Kanalcodierung 
Grundlagen und Anwendungen in modernen 
Kommunikationssystemen", Springer-Verlag, 1996, pp. 1- 
30,- therefor. 

On page 3, in line 5, after "function" insert -, which is-; 

in line 6, after "channel" insert a comma; 

in line 12, after "signal" insert a comma; 

in line 17, cancel "words" substitute --word- therefor; 

in line 29, after "as" insert -the-. 
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On page 4, in line 4, cancel "Ui..., U J substitute -Ui 

therefor; 

in line 6, cancel "(®)" substitute -{©- therefor; 
in line 9, cancel "[3]" substitute -J. Hagenauer et al., "Iterative 
5 Decoding of Binary Block and Convolutional Codes- 

therefor; 

in line 12, cancel "plurality" substitute -number-- therefor; 
in line 13, cancel "plurality" substitute -number- therefor; 
in line 20, cancel "c" substitute -C:- therefor. 

10 On page 5, in line 8, after "(9)" insert a period; 

in line 13, after "as" insert -a-, and cancel "are" substitute -is- 
therefor; 

in line 17, after "(1 1 )" cancel the comma; 
in line 18, cancel ", respectively". 

15 On page 6, in line 6, cancel "A" substitute ~a- therefor. 

On page 7, in line 1, after "(15)" insert a period; 

in line 3, cancel "software" substitute -soft- therefor; 

in line 7, after "output)" insert a comma, and after "as" insert -a-. 

On page 8, in line 5, after "less" insert -than-; 
2 0 in line 7, after "for" cancel "the" substitute -a- therefor, and cancel 

"equals" substitute -equal- therefor; 
in line 18, cancel "[2]" substitute -B. Friedrichs, "Kanalcodierung 
Grundlagen und Anwendungen in modernen 
Kommunikationssystemen", Springer-Verlag, 1996, pp. 69- 
2 5 1 25, 1 93-242,- therefor; 

below line 19, insert a centered heading: 

- SUMMARY OF THE INVENTION -: 



in line 20, cancel "The invention is thus based on the problem of 

specifying" substitute -It is an object of the present invention 
to provide- therefor. 

On substitute page 9, cancel lines 3-4, substitute the following at 
line 3: 

-This object is achieved in accordance with the invention in a 

method for determining at least one digital signal value from 
an electrical signal transmitted via a transmission channel, 
said electrical signal having signal information and 
redundancy information for said signal information 
determined from said signal information. A target function, 
which has a model of a transmission channel via which the 
electrical signal was transmitted, is optimized. A 
dependability degree is approximated. The dependability 
degree is for forming a digital signal value from the electrical 
signal based on the optimized target function. A digital 
signal value dependent on said dependability degree is 
determined.-; 

cancel line 5, substitute the following at line 5: 

-A dependability degree-; 

cancel line 8, substitute the following at line 8: 

-The object of the invention is also achieved in accordance with 
the invention in an arrangement having a computer unit-; 

cancel lines 12-13, substitute the following at line 12: 

-In an arrangement for determining at least one digital signal value 
from an electrical signal transmitted via a transmission 
channel, the electrical signal having signal information and 
redundancy information for the signal information determined 
from the signal information, the arrangement comprises a 
computer unit having a processor and a memory including a 



program operating according to the above described 
method. 

The approximation of the dependability-; 

in line 14, cancel "respectively"; 

in line 21 , cancel ", respectively,"; 

in line 25, after "The" insert -present-; 

in line 26, after "calculated" insert a comma; 

in line 30, after "signal" insert a comma; 

in line 33, cancel ", respectively,". 

On substitute page 10, in line 7, after "of cancel "the" substitute - 
a- therefor, and after "probe" insert a comma; 

in line 8, cancel "saving" substitute -savings are- therefor; 

in line 9, after "for the" insert -control-; 

in line 10, cancel "development or, respectively," substitute - 
embodiment or when- therefor, and cancel "the 
development" substitute -the embodiment- therefor; 

cancel lines 13-14; 

in line 1 5, cancel "a development" substitute -an embodiment- 
therefor. 

On page 11, in line 4, after "assumed" cancel "the", and cancel "is"; 
in line 5, cancel "[sic]"; 

in line 18, cancel "archive" substitute -archived- therefor, and 

cancel "[...]" substitute -is contained- therefor; 
cancel lines 22-31 ; 
insert the following at line 22: 

-These and other features of the invention(s) will become clearer 
with reference to the following detailed description of the 
presently preferred embodiments and accompanied 
drawings. 



DESCRIPTION OF THE DRAWINGS - 

Fig. 1 is a flow chart of a method for determining at least one digital 
signal value from an electrical signal implemented in a 
computer unit. 

Fig. 2 is a block circuit diagram showing the sending, the 

transmission and the reception of the electrical signals. 

Fig. 3 is a block diagram of a radio transmission system. 

Fig. 4 is a block diagram of an archiving system for archiving digital 
data.--; 

On page 12, above line 1, insert the following centered heading: 
- DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED 
EMBODIMENTS -: 

in line 1 , cancel "a source 201 proceeding from which a" substitute - 
-a message N proceeding from a source 201 to be- therefor; 
in line 2, cancel "message N is to be"; 
in line 5, after "message" insert -N-; 
in line 10, cancel ", respectively,"; 
in line 30, after "unit" insert -21 1-. 

On page 13, in line 2, after "receiver unit" insert -211~; 

in line 5, after "as" insert -an-; 

in line 11, cancel ", respectively,"; 

in line 20, after "decoding" insert -unit 27-; 

in line 26, after "as" insert -a-; 

in line 29, cancel "sink" substitute -sync- therefor. 

On page 14, in line 4, cancel "above described" substitute - 

following- therefor; 
in line 5, after "(16)" cancel the period; 
in line 8, cancel "plurality" substitute -number- therefor; 
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in line 1 1 , cancel "plurality" substitute -number- therefor; 
in line 13, cancel "gothic". 

On page 18, in line 6, cancel "[4]" substitute -S. Schaeffler, 
"Unconstrained Global Optimization Using Stochastic 
5 Integral Equations", Optimization, Vol. 35, 1995, pp. 43-60,- 

therefor; 
in line 8, after "is" cancel "not"; 

in line 21, cancel "approximate" substitute -approximated- 
therefor; 

10 in line 14, cancel "derives on" substitute -is derived on- therefor; 

In line 16, cancel ", respectively,"; 
in line 17, cancel "values" substitute -value- therefor; 
in line 19, after "as" insert -a-; 
In line 20, cancel ", respectively,". 

15 On page 19, in line 2, cancel respectively,"; 

in line 1 1 , cancel ", respectively,"; 

in line 16, cancel "[4]" substitute -S. Schaeffler, "Unconstrained 
Global Optimization Using Stochastic Integral Equations", 
Optimization, Vol. 35, 1995, pp. 43-60,- therefor; 
2 0 in line 24, after "as" insert -an-; 

in line 29, cancel "are" substitute -is- therefor, and cancel 
"storage" substitute --memory- therefor. 

On page 20, in line 2, after "arrangement" insert -402-; 

below line 6, insert the following paragraph: 
2 5 - Although modifications and changes may be suggested by those of 
ordinary skill in the art, it is the intention of the inventors to embody within 
the patent warranted hereon all changes and modifications as reasonably 
and properly come within the scope of their contribution to the art.-. 



Cancel substitute page 21. 

IN THE CLAIMS : 

On page 22, in line 1, cancel " PATENT CLAIMS " substitute -i 
CLAIM AS MY INVENTION: - therefor. 

Please cancel claims 1-19 and substitute the following claims 20-38 
therefor: 

20. A method for determining at least one digital signal value 
from an electrical signal transmitted via a transmission channel, said 
electrical signal having signal information and redundancy information for 
said signal information determined from said signal information, the 
method comprising the steps of: 

optimizing a target function having a model of a transmission 

channel via which said electrical signal was transmitted; 
approximating a dependability degree for forming a digital signal 

value from said electrical signal based on said optimized 

target function; and 
determining said digital signal value dependent on said 

dependability degree. 

21. The method according to claim 20, wherein said step of 
determining said digital signal value further comprises determining a 
number of digital signal values from said electrical signal. 

22. The method according to claim 20, whereby said model is a 
non-linear regression model of said transmission channel. 



23. The method according to claim 22, wherein said target 
function is formed according to a rule: 



Non - 



1. n 



exp(jgj) - 



with 



3i = L(Ui|yi), and with 



L(ui|y) = In 



(y - Yfk - v) 



Npn 



(y - vf - v) 



, and wherein 

No indicates a single-sided noise power density of said transmission 
channel, 

n indicates a number of digital signal values contained in said 
transmission channel, 

Eb denotes an average signal energy for one of k digital signal 
values, 

k denotes a number of digital signal values contained in said 
electrical signal, 

y denotes a vector from 31" that describes said electrical signal, 
C denotes a set of all transmission channel code words, 
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C denotes an n-dimensional random quantity for describing said 
digital signal value, 
V denotes a vector from C, 

i denotes an index for unambiguous identification of said digital 
signal value v,, 

Ui denotes a random variable of said digital signal value v,, 
L(Ui|y) denotes said dependability degree, 
J, denotes a set of digital values of said redundancy Information, 
and 

j denotes a further index. 

24. The method according to claim 20, further comprising the 
step of: 

subjecting said target function to a global minimization. 

25. The method according to claim 20, wherein said 

15 dependability degree comprises an operational sign information and an 
amount information; and whereby said signal value is determined only 
dependent on said operational sign information. 

26. The method according to claim 20, wherein said electrical 
signal is a systematic block code. 

2 0 27. The method according to claim 20, wherein said electrical 

signal is a radio signal. 

28. The method according to claim 20, wherein said electrical 
signal is a restored signal of archived digital data. 



5 



10 
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29. An arrangement for determining at least one digital signal 
value from an electrical signal transmitted via a transmission channel, said 
electrical signal having signal information and redundancy Information for 
said signal information determined from said signal information, said 
arrangement comprising: 

a computer unit having a processor and a memory including a 
program comprising the steps of: 

optimizing a target function having a model of a transmission 
channel via which said electrical signal was 
transmitted; 

approximating a dependability degree for forming a digital 
signal value from said electrical signal based on said 
optimized target function; and 

determining said digital signal value dependent on said 
dependability degree. 

30. The arrangement according to claim 29, further comprising a 
receiver unit for receiving said electrical signal and for supplying said 
electrical signal to said computer unit. 

31 . The arrangement according to claim 30, further comprising a 
demodulator unit for demodulation of said electrical signal, said 
demodulator having an input connected to said receiver unit and an output 
connected to said computer unit. 

32. The arrangement according to claim 30, wherein said 
receiver unit is an antenna. 

33. The arrangement according to claim 29, wherein said 
computer unit is programmed to determine a number of digital signal 
values from said electrical signal. 
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34. The arrangement according to claim 29, wherein said model 
in said computer unit program is a non-linear regression model of said 
transmission channel. 

35. The arrangement according to claim 34, wherein said target 
5 function in said computer unit program operates according to a rule: 



■ s 

i=k+l 



1- n 



Non ■ 



with 

Pi = L(Ui|yi), and with 



L(ui|y) = In 



veC 



Ebk 



Z 



(y - z) (y - v) 



, and wherein 

No indicates a single-sided noise power density of said transmission 
channel, 

n indicates a number of digital signal values contained in said 
transmission channel, 

denotes an average signal energy for one of k digital signal 
values, 

k denotes a number of digital signal values contained in said 
electrical signal. 



y denotes a vector from Ift" that describes said electrical signal, 

C denotes a set of all transmission channel code words, 

C denotes an n-dimensional random quantity for describing said 

digital signal value, 

y denotes a vector from C, 

i denotes an index for unambiguous identification of said digital 
signal value v,, 

Ui denotes a random variable of said digital signal value V|, 

L(Ui|y) denotes said dependability degree, 

Ji denotes a set of digital values of said redundancy information, 

and 

j denotes a further index. 

36. The arrangement according to claim 29, wherein said 
program further comprises the step of: 

subjecting said target function to a global minimization. 

37. The arrangement according to claim 29, wherein said 
arrangement is allocated to a radio transmission system. 

38. The arrangement according to claim 29, wherein said 
arrangement is allocated to a system for reconstruction of archived digital 
data. 
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IN THE ABSTRACT: 

On page 28, in line 1, cancel " ABSTRACT " substitute the following 
centered heading therefor: 

- ABSTRACT OF THE DISCLOSURE -: 

cancel lines 2-13; 

in line 5, cancel "The" substitute -An- therefor, and cancel "[and]" 

substitute -and- therefor; 
in line 11, cancel "(Step 101)"; 
in line 12, cancel "(Step 102)". 



REIVIARKS: 

The present Amendment revises the specification, drawings and 
claims to conform to United States patent practice, before examination of 
the present POT application in the United States National Examination 
Phase. All of the changes are editorial and no new matter is added 
thereby. The cancellation of claims 1-19, in favor of new claims 20-38, 
has been made solely for convenience, since the amount of bracketing 
and underlining necessary to editorially amend claims 1-19 in order to 
conform to United States patent practice would have been excessive and 
burdensome. The cancellation of claims 1-19 is therefore not intended to 
be a surrender of any of the subject matter of those claims. 

Early examination on the merits is respectfully requested. 



Respectfully submitted. 



<^Rea. No. 28.982^ 



Steven H. Noll 
Hill & Simpson 
A Professional Corporation 
85*^ Floor - Sears Tower 
Chicago, Illinois 60606 
(312) 876-0200 ext. 3899 
Attorneys for Applicant(s) 
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lyiFTHOD AND ARRANGEME NT FOR DETERMINING AT LEAST ONg^ 
DIGlIALSUSJSIALJS^fAUJB^^ 

The goal of the information theory established by Claude Shannon 
In 1948 is to develop efficient codes for encoding transmission and 
decoding of digital data and to optimally utilize the available information of 
the encoded data in the decoding insofar as possible. 

[5] discloses an identification of a transmission channel for the 
transmission of digital data. 

Two types of decoding are distinguished in the decoding of digital 

data: 

- in what is referred to as hard decision decoding, a received signal 
infested with noise by the transmission over a channel is decoded into a 
sequence of digital data, whereby only the digital value of the respectively 
received signal is classified; 

- in what is referred to as soft decision decoding, an A posteriori 
probability for the value to be classified is additionally determined for each 
information character to be decoded. Such a posteriori probabilities are 
also referred to as soft outputs and form a criterion for the dependability of 
the decoding. 

Soft decision decoding shall be considered below. 
Fundamentals of what are referred to as block codes are known 
from [2]. 

It is known from [3] to implement a soft decision decoding for a 
binary, linear block code. 

The method from [3] for exact calculation of digital signal values 
from an electrical signal shall be explained below upon employment of 
what is referred to as log-likelihood algebra. 

It is assumed below that the output of a source encoder of a first 
arrangement is composed of a sequence of digital, preferably binary 
signal words that are referred to below as code words. The finite plurality 
of stochastically independent random variables. 



2 



Ui:Q-^{±1l, i = 1,...,m m e N 



(1) 



15 



20 



is considered, these being defined on a lil<eliliood space (Q, S, P). S 
references a a-algebra, i.e. the set of events for which a likelihood is 
defined. P references a likelihood criterion (P:S [0, 1]). Under the 
assumption that the inequalities 



are met, what are referred to as Lj-values of the random variables are 
defined by 



Code words u have the following structure: 
ue {±1}\ 

It is thereby assumed for each code words u that each digital value 
Ui, i=1...kofthe codeword u assumes a first value (logical "0" or logical 

or a second value (logical "1" or logical with the same 
likelihood. Since one must count on disturbances in the transmission of 
messages that can falsify the messages, a further encoding step, channel 
encoding, is implemented. 

As described in [1], redundancy is intentionally added to the 
incoming code words u in the channel encoding in order to be able to 
correct possible transmission errors and, thus, assure a high transmission 
dependability. It is assumed below that a channel code word c e [±ir, n 
> k, n e N, is allocated to each code word u e {±1l^ The output of the 
means for channel encoding is thus composed of code words having the 
form c e l±1}". 

The channel code words are transmitted from a transmission 
means to a reception means via a physical channel, for example a 



0<P({a3eQ;Ui(co) = 01l)<1, i = 1,...,m 




(3) 



flllllll.illli'i'iljillllilll 



subscriber line, coaxial cable, mobile radio telephone, directional radio, 
etc. 

Since the physical channel can often not transmit discrete symbols 
but only time-continuous signals (i.e., specific functions s: m-^ 3ft), a 
modulator is often provided with which a function suitable for the 
transmission via the physical channel is allocated to the channel code 
word c. An important characteristic quantity of the transmitted electrical 
signal Is the average energy that is employed for the transmission of 
an information bit of the channel code word c. 

Since a disturbance can occur in the transmission of an electrical 
signal via a physical channel, an electrical signal s : 91 Sft, that is 
modified compared to the transmitted electrical signal is received. 

The disturbance is described with methods of stochastic signal 
theory. A characteristic quantity of the disturbance is the known single- 
side noise power density Nq that is determined by the channel. After a 
potential demodulation of the received electrical signal s, a vector y e 
is present instead of the code words c. The absolute amount of each 
component of the vector y is thereby interpreted as dependability 
information for the corresponding operational sign of the component in the 
framework of the soft decision decoding. 

The channel decoding then has the job - upon employment of the 
received, potentially demodulated electrical signal s that is ultimately 
available as vector y - of reconstructing the code word u that was 
originally present. 

It is standard to model the physical channel and the noise 
properties thereof. A model frequently employed for this purpose is what 
is referred to as the invariant AWGN channel (additive Gaussian white 
noise). When a modulator and a demodulator are present the totality of 
modulator, physical channel and demodulator is referred to below as 
channel in this model. Given the AWGN channel, it is assumed that the 
output of the channel encoder, i.e. the channel code word c is additively 
superimposed by an w[a.-^i 1 - normally distributed random variable, 




whereby 1^ references the n-dimensional unit matrix. The quotient-^ is 

known and is also referred to as signal-to-noise ratio. 

By complete induction for m, it can be shown on the basis of the 
stochastic independence of the random variables U,..., that the 
following is valid for the L-value of the chained random variables ® ... ® 
(®) references an exclusive-OR operation): 

© U2 ® ... U^: Q l±1l, (0 U,(co) ffi U^Cco) e ... U Jco) (4) 



and 



■i\eKp(l<Ui)) + 1 
" , A exp(l<Ui)) - 1 

[ - ,l\exp(L(tJi)) . ij 



The following initial situation derives for the method known from [3]: 

natural number k, n and sets J^.i, Jp £ {1 k}. that describe the 

properties of the channel encoder are established, as is the non-negative, 
real number ^. The plurality of digital values of the code word u Is 

referenced k. The plurality of digital values of the channel code word c e 
{±11", is referenced n, with n > k. The n-k digital values that are attached 
to the code words u in the formation of the channel code word c, which 
are also referred to as check bits, are characterized by J^+i, Jn ^ {"^ - ■■■ - 
k}. 

Further, a likelihood space (Q, S, P) and a small-dimensional 
random variable C 



cQ-^i±ir 



(6) 



5 



having the following properties is established: 

- components 

Ci,...,C,:Q-^ l±1l (7) 
of the n-dimensional random variable C are stochastically independent 
and 

1 

P(M s Q;C.{a) = -1) = P(oo £ Q;C_.(go) = +1) = — (8) 

applies to all 1=1,..., k. 

- the following applies to each i e Ik + 1, ... ,n} and to all 03 e O: 

The digital values that are formed by the channel encoding, i.e. the 
channel code words c, are interpreted as realization of the random 
variables C. 

The output u of the channel decoder to be reconstructed, which is 
referred to below as set of digital signal values, are the corresponding 
realization of the random variables 

U: Q ^±^}\ (0 (Ci(co),..., C,(co)f (10). 
The output 

ye 91" (11)- 

of the unit for demodulation or, respectively, the vector that describes the 
electrical signal and for which the decoding ensues is interpreted as 
realization of the random variables 

Y: 0) C(a)) + Z(cd) (1 2) 



whereby Z: Q St" is Jv|fi.^.^„J - normally distributed random variable 

that is stochastically independent of the n-dimensional random variable C. 
The code word 0 is reconstructed based on the vector y describing the 
received electrical signal. 

in order to reconstruct the individual digital signal values, the 
distribution of the random variables C is investigated under the condition 
that the vector y describing the electrical signal was received. 

The likelihoods induced by this distribution are referred to as A 
posteriori likelihoods. 

The following quantities are considered for each e > 0: 



pQo € O; Ui(a?) = 6 0; Y{<o) e My^ 

23 e O; C(o) = v}|J© e O; r(a>) e My, 



Vi =+1 



J] p[{fij e 0;C(a)) = v}|fi> e a- Y(«) 6 My^^ 



V 6C 
^Vi =-1 



for i = 1,...,k, whereby 

My, e : = [yi, yi + e] X ... X [y^, y^ + e] 



(14) 



and C references the set of all channel code words c. 

The following derives by employing the theorem of Bayes: 



7 



V6C 



P({<i> e £2; Y(fi^) e My, ^jKca e O; c(t2)) = 
(x - v)^(x - v) 



Npn 
Efok 



(x - v)'^(x - v) 
Npn 
Ebk 



(15) 

When the boundary transition of (14) for e 0 is considered by 
multiple employment of the rule of De L'Hospital, then the software outputs 
L(Uily) are obtained for each character according to the following rule: 



L(Ui|y) = . 



VI =+1 



(y - zf (y - v) 



(y - z) (y - v) 

Npn 



5 The soft outputs that, on the one hand, usually contain an 

operational sign information and a dependability information (absolute 
amount of the soft output) are referred to below as dependability degree. 

In a completely analogous way, the following is obtained for i = k + 
1, n: 



Lj @ Ujlv = In 



Z ^ 

veC 



(y - ■ 



Ebk 



Npn 
Ebk 



The decoding in tlie known metlnod ensues such that, when the 
dependability degree exhibits a value greater than 0, the i^" component u, 
of the code word u to be reconstructed is reconstructed with the second 
value (logical "1 " or logical "-1 "). For a value of the dependability degree 
5 less 0, the first value (logical "0" or logical is allocated to the digital 

signal value. One can arbitrarily decide in favor of the first or the second 
value for the value of the dependability degree equals to 0. The absolute 
amount of the dependability degree is a criterion for the dependability of 
the above decision rules. The reconstruction is all the more dependable 

1 0 the higher the absolute amount. 

What is disadvantageous about this known method is the outlay for 
computer-assisted determination of the dependability degree. The 
determination of the dependability degree generally requires an outlay for 
additions that is proportional to min {2^, 2"'^). The direct calculation of the 

15 dependability degrees and the determination of the digital values 

dependent on the dependability degrees is thus often not numerically 
realizable. Approximately 10^° additions would be required for what is 
referred to as the BCH (255, 191 ) - Code (see [2]) for the calculation of the 
191 dependability degrees and digital signal values. 

2 0 The invention is thus based on the problem of specifying a method 

and an arrangement for determining at least one digital signal value from 
an electrical signal that contains signal information and redundancy 
information for the signal information determined from the signal 



information, whereby a simplified determination compared to the Icnown method 
is possible. 

The problem is solved by the method according to patent claim 1 as well 
as by the arrangement according to patent claim 10. 

Given the method according to patent claim 1 , a dependability measure 
for forming the signal value is approximated from the electrical signal and the 
signal value is determined dependent on the dependability degree. 

The arrangement according to patent claim 10 contains a computer unit 
that is configured such that a dependability degree for forming the signal value is 
approximated from the electrical signal and such that the signal value is 
determined dependent on the dependability degree. 

Given the method according to patent claim 1 and given the arrangement 
according to patent claim 10, further, the approximation of the dependability 
degree respectively ensues such that a target function is optimized, whereby the 
target function contains a model of a transmission channel over which the 
electrical signal was transmitted. 

Due to the approximation of the dependability degree that had to be 
exactly determined hitherto and dependent whereon the signal value is 
determined, a considerable simplification is achieved in the determination of the 
digital signal value. This leads to a substantially faster implementation of the 
method by a computer or, respectively, to considerable saving of costs for the 
realization of the arrangement for determining the digital signal value. A 
numerical solution of the soft decision decoding thus often becomes possible at 
all for the first time. 

The invention can be clearly seen therein that the dependability degree 
that was hitherto only exactly calculated is approximated. 

Due to the approximation of the dependability degree by the optimization 
of the target function, an extremely simple and, thus, quickly implemented 
possibility is recited that even takes the properties of the transmission channel 
and, thus, the noise properties of the disturbed signal into consideration. 

The minimization of the target function that contains the properties of the 
channel in the form of the model as approximation criterion leads thereto that the 
efficiency of the method or, respectively, of the arrangement is substantially 
improved. As a result of this development, a considerable reduction of the 
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signal-to-noise ratio — is achieved compared to known metiiods given the 

same bit error probability in the determination of the digital signal values. The 
improvement of the signal-to-noise ratio amounts to up to approximately 3 dB 
dependent on the channel encoding employed, which would correspond to the 
maximum improvement that could be theoretically achieved. 

A saving of 1 dB, for example, can already lead to a cost saving of 
approximately 70 million U. S. dollars in the construction of the space probe 
given radio transmission from space probes. Considerable cost saving is thus 
possible for the center as well when the decoding ensues according to this 
development or, respectively, the arrangement according to the development is 
configured such that the approximation ensues by optimizing a target function 
that contains a model of the transmission channel. 

Advantageous developments of the invention derive from the dependent 

claims. 



In a development both of the method as well as of the arrangement, 
further, it is advantageous that the target function is formed according to the 
following rule: 




A modified scaling or a slight modification and neglecting of some values 
in the target function as well as the degree of the counter function 



(degree of the target function) is tinereby not critical and can be arbitrarily 
varied. 

This target function indicates a nnodel for the transmission channel 
in which the assumed the model properties of the transmission channel is 
[sic] taken into consideration, this supplying extremely good results in the 
determination of the signal values after the optimization given optimization 
of the target function, for example, a minimization of the error function. 

It is also advantageous to subject the target function to a global 
minimization since the information contained in the electrical signal is 
optimally utilized in the framework of the optimization due to this procedure 
and, thus, is also optimally utilized in the determination of the signal value. 

It is also advantageous that the electrical signal is a radio signal 
and, thus, the arrangement is a radio transmission system with an 
inventive arrangement, since the method enables substantial savings 
specifically in the area of radio transmission, particularly in the 
transmission of radio signals with a space probe. 

The method can also be advantageously utilized in the archiving 
and reconstruction of archive, stored digital data that [...] in a storage 
medium (for example, magnetic tape store, hard disc store, etc.), since an 
improved signal-to-noise ratio is also of considerable significance in this 
application. 

Exemplary embodiments of the invention are described in the 
Figures, these being explained in greater detail below. 
Fig. 1 a flow chart wherein the method, which is implemented in a 

computer unit, is shown in terms of its individual method 
steps; 

Fig. 2 a block circuit diagram, whereby the sending, the 

transmission and the reception of the electrical signal is 
shown; 

Fig. 3 a sketch of a radio transmission system; 

Fig. 4 a sketch of an archiving system for archiving digital data. 



Fig. 2 symbolically shows a source 201 proceeding from which a 
message N is to be transmitted to a sync 209. 

The message N to be transmitted is supplied to a source coder 202, 
where it is compressed such that, although no information is lost, 
redundancy information superfluous for the decoding of the message is 
eliminated and, thus, the required transmission capacity is reduced. 

The output of the source coder 202 is the code word u e {±11" that 
is composed of a sequence of digital values. It is thereby assumed for 
each code word u that each value u,, i = 1 ,...k of the code words u 
assumes a first value (logical "0" or logical or, respectively, a second 
value (logical "1" or logical with the same probability. 

The code word u is supplied to a unit for channel encoding 203 
wherein a channel encoding of the code word u ensues. In the channel 
encoding, redundancy information is intentionally attached to the code 
word u in order to be able to correct or at least recognize transmission 
errors that possibly arise during the transmission and, thus, to achieve a 
high transmission dependability. 

It Is assumed below that the channel encoding allocates a channel 
code word c e (±11" to each code word u e {±11\ The output of the unit 
for channel encoding 203 is thus composed of the channel code word c e 

{±ir. 

The channel code word c e 1+11" is supplied to a unit for modulation 
204 of the channel code word c. In the modulation, a function s: Si ^ St 
suitable for the transmission over a physical channel 205 is allocated to 
the channel code word c. 

The signal to be transmitted thus contains both signal information, 
i.e. the channel code word c, as well as redundancy information 
determined from the signal information, i.e. additionally contains what are 
referred to as check values. The modulated signal s is transmitted via the 
physical channel 205 to a receiver unit. A disturbance 210 that falsifies 
the modulated signal s often occurs during the transmission over the 
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physical channel 205. A modified, modulated signal s is thus adjacent at 
the receiver unit, this being supplied to the unit for demodulation 206. 

A demodulation of the modified, modulated signal s ensues in the 
unit for demodulation 206. The output of the demodulation is a vector y e 

referred to below as electrical signal that describes the digital, 
demodulated, modified signal s. 

During the course of further considerations, the model of what is 
referred to as the AWGN channel is employed for modeling the physical 
channel 205, as was set forth above. For simplification, both the unit for 
modulation 204 as well as the unit for demodulation 206 of the transmitter 
200 or, respectively, of the receiver 21 1 is also considered in the model of 
the transmission channel. 

The electrical signal y is subjected to a channel decoding in a unit 
for channel decoding 207. Vector components y, of the electrical signal y 
contain both an operational sign information as well as an amount 
information. 

The amount information is respectively the absolute value of the 
vector components y-^ that is also referred to as dependability information 
for the corresponding operational sign of the vector components y,. 

The job in the channel decoding is to implement what is referred to 
as a soft decision decoding. This means that, first, a reconstructed code 
word 

u is reconstructed and, further, a dependability information is determined 
for each component, this describing the decision made for reconstruction 
of a component 0, of the reconstructed code word 0. A component 0; of 
the reconstructed code word u is referred to below as digital signal value. 

The reconstructed code word u, i.e. at least one digital signal value, 
is supplied to a unit for source decoding 208 wherein a source decoding 
ensues. Finally, the decoded signal is supplied to the sink 209. 

The channel decoding 207 is described in greater detail in Fig. 1 in 
the form of a flow chart. 



In a first Step 101 , a target function f, which contains a non-linear 
regression model of the transmission channel 204, 205, 206, is optimized. 

The non-linear regression model is derived below for illustration. 

From the above-described rule (16) for exact determination of the 
dependability degree, 



(y - vf (y - g) 



.(Ui|y) = In 



veC 
=+1 



No indicates a single-sided noise power density, 
n indicates a plurality of digital signal values contained in the signal, 
Et, denotes an average signal energy for one of.the k signal values, 
i.e. of the information bits, 

k denotes a plurality of digital signal values contained in the 
electrical signal, 

y denotes a vector from gothic St" that describes the signal, 
C denotes the set of all channel code words, 
C denotes an n-dimensional random quantity for describing the 
signal value, 

V denotes a vector from C, 

i denotes an index for unambiguous identification of the signal value 

V|, 

Ui denotes a random variable of the signal value v,, 
L(Ui|y) denotes the dependability degree, 

J, denotes a set of digital values of the redundancy information, and 
j denotes a further index, 
the factor in the numerator. 
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Npn 



and the factor in the denominator 



Ebk ; 



(19) 



can be bracketed out. 

After the bracketing, the following rule derives for all i = 1 ,...,k with 
corresponding factors Ti that are now no longer dependent on the 
components of the electrical signal: 



I^Uijy) = 



(yi - 



Npn 



Npn 
Efok 



The following is valid for I = k + 1, n: 



4Ebk 

r . = ^ y - + n 
Npn 



g Ji ; 



Npli 



If the physical channel 205 were not disturbed, then the observation 
of the respective components y, of the electrical signal would suffice for i = 
1 , k in order to determine the distribution of U; under the condition that 
the random variable Y assumes the value y. All factors T = 0 would thus 
be the case. The situation is analogous for i = k + 1 , ...,n with the 
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distribution 0 c;. under the condition that the random variable Y 

jeJ. 

assumes the value y. In this case, too, all factors t; = 0 would apply. The 
absolute values of the factors are thus a measure for the channel 
disturbance. 

Under the condition that the signal y was received, the stochastic 
independence of the variables Ui,...,Uk is lost. 

Therefore valid for i = k + 1 n with corresponding error factor p,: 



1* n 
1- n 



exp(L(Uj[y)) 4- : 



It is also obvious for the error factors P|,^.^,....,pn that all pk^^ ,p„ can be 

set equal to 0 when the physical channel is not disturbed. 
The following rule derives overall: 



Non ' 



L(ui|y) 



~ n 

e: 

1+ n - 

e 

1- n - 



xp(4uj|y)) - 



M#j|y)) 



- PK+l 



Pn 



(23) . 
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When the values 



for i = 1, . . . , k L(ui|y) = 0±; - = ei ^2 
for i = k + 1, . . . , n Pi - = 

are replaced, then the following non-linear regression problem derives 
therefrom: 



exp{,Sj) + l 



1- n 



Since an error vector e is equal to the 0 vector when no disturbance 
of the physical channel is established and due to the stochastic model of 
the channel disturbance, it is assumed that the error vector e is a 
realization of a random variable E: Q with anticipation value E(E = 
0). The dependability degrees are thus approximated by minimization of 
the influence of the channel disturbance. 

Respectively one dependability measure serves for the 
reconstruction of a respective digital signal value. 



The non-linear regression problem is formulated and solved by a 
target function f when the target f is optimized, minimized in this case. 
The target function f is formed according to the following rule: 



min] 



with 



Fj. ^M^j) + ^ 4Ebk 



2 



1+ n 



In 




(26) . 



The solution of the non-linear regression problem ensues by 
minimization of the target function f. 

A method for global minimization that is known from [4] is employed 
for the minimization of the target function f. 

The target function f is not generally not convex and it is therefore 
advantageous to utilize an algorithm for global minimization for the 
minimization of the target function, because it is possible in this way to 
optimally utilize the given information in the sense of information theory. 

A respective dependability degree is approximate (Step 102) for the 
components y| of the electrical signal y upon employment of a neural 
network whose structure derives on the basis of the determined 
parameters of the optimized target function f. 

In a last step 103, the digital signal value or, respectively, the digital 
signal values U| is determined from the electrical signal y dependent on the 
dependability degree. The operational sign information of the respective 
dependability degree is thereby employed as criterion for the allocation of 
the first or, respectively, of the second value to the digital signal value Ui. 

When the dependability degree comprises a value greater than 0, 
then the second value (logical "1" or logical "-1") is allocated to the digital 
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signal value Uj and, when the dependability degree exhibits a value 
smaller then 0, then the first value (logical "0" or, respectively, logical 
is allocated to the digital signal value u,. 

This is implemented for all digital signal values u-, to be 
reconstructed whose reconstruction is desired. 

The arrangement for channel decoding 207 is configured such that 
the above-described method is implemented. This can ensue by 
programming a computer unit or can also ensue with an electrical circuit 
adapted to the method. 

A few alternatives and generalizations of the above-described 
method or, respectively, of the arrangement are disclosed below: 

It is not necessary to implement a global minimization of the target 
function. The minimization can likewise ensue with a method for local 
minimization, for example with what is referred to as the BFGS method 
(Broyden, Fletcher, Goldfarb, Shanno method). Further, the minimization 
of the target function is not limited to the method described in [4]. Further 
methods for minimization can likewise be utilized. 

It is also not necessary that a quadratic norm is minimized as target 
function; any arbitrary norm of the vector e (3) can generally be utilized. 

Fig. 3 shows a radio transmission system that contains an 
arrangement having the above-described features. A transmission means 
301 , preferably a space probe, transmits a radio signal 303 via a physical 
channel 205, in this case through the air. The radio signal 303 is received 
via an antenna 302 of the receiver arrangement 305 and is supplied as 
electrical signal to the arrangement 304 that contains the means for 
demodulation 206, the means for channel decoding 207 as well as the 
means for source decoding 208. 

Fig. 4 shows a system 403 for the reconstruction of archived digital 
data. Digital data are archived in a storage 401 , for example, a magnetic 
store (magnetic band store, hard disk store, etc.). In the reconstruction, 
the above-described method for reconstruction of the at least one digital 
signal value 0, from the electrical signal which, in this case, describes 
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digital signals read out from the memory 401 can be implemented upon 
employment of an arrangement having the means for channel decoding 
207. 

It is clear that the invention can be seen therein that the 
dependability degree that was hitherto only exactly calculated is 
approximated. 
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1 . Method for determining at least one digital signal value from 
an electrical signal that contains signal information and redundancy 
information for the signal information determined from the signal 
information, 

- whereby a dependability degree is approximated from the electrical 
signal for forming the signal value, whereby the approximation of the 
dependability degree ensues such that a target function that contains a 
model of a transmission channel via which the electrical signal was 
transmitted is optimized; and 

- whereby the digital signal value is determined dependent on the 
respective dependability degree. 

2. Method according to claim 1 , whereby a plurality of digital 
signal values are determined from the electrical signal. 

3. Method according to claim 1 or 2, whereby the model is a 
non-linear regression model of the transmission channel. 

4. Method according to claim 3, whereby the target function is 
formed according to the following rule: 



= k+l 



3i M^j)^^ 



Pi = L(Ui|yi), and with 
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.(Ui|y) = m 



veC 

Vi =+1 ^ 



(y - zfiz - v) 

Ebk J 



whereby 

No indicates a single-sided noise power density, 
n indicates a plurality of digital signal values contained in the signal, 
Eb denotes an average signal energy for one of the k signal values, 
5 i.e. of the information bits, 

k denotes a plurality of digital signal values contained in the 
electrical signal, 

y denotes a vector from gothic that describes the signal, 
C denotes the set of all channel code words, 
10 - C denotes an n-dimensional random quantity for describing the 

signal value, 

V denotes a vector from C, 

i denotes an index for unambiguous identification of the signal value 

V,, 

15 - Uj denotes a random variable of the signal value v,, 

L(Uily) denotes the dependability degree, 

J, denotes a set of digital values of the redundancy information, and 
j denotes a further index, 
the factor in the numerator. 

2 0 5. Method according to one of the claims 1 through 4, whereby 

the target function is subjected to a global minimization. 

6. Method according to one of the claims 1 through 5, 
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- whereby the dependability degree comprises an operational sign 
information and an amount information; and 

- whereby the determination of the signal value ensues only dependent on 
the operational sign information. 

7. Method according to one of the claims 1 through 6, whereby 
the electrical signal Is a systematic block code. 

8. Method according to one of the claims 1 through 7, whereby 
the electrical signal is a radio signal. 

9. Method according to one of the claims 1 through 8, whereby 
the electrical signal is a restored signal of archived digital data. 

10. Arrangement for determining at least one digital signal value 
from an electrical signal that contains signal information and redundancy 
information for the signal information determined from the signal 
information; 

comprising a computer unit that is configured such that 

- a dependability degree is approximated from the electrical signal for 
forming the signal value, whereby the approximation of the dependability 
degree ensues such that a target function that contains a model of a 
transmission channel via which the electrical signal was transmitted is 
optimized; and 

- the digital signal value is determined dependent on the respective 
dependability degree. 

1 1 . Arrangement according to claim 1 0, comprising a receiver 
unit for receiving the electrical signal and for supplying the electrical signal 
to the computer unit. 
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1 2. Arrangement according to claim 1 1 , comprising a 
demodulator unit for tine demodulation of the electrical signal that is 
connected via an Input to the receiver unit and via an output to the 
computer unit. 

13. Arrangement according to claim 11 or 12, whereby the 
receiver unit comprises an antenna. 

1 4. Arrangement according to one of the claims 10-13, whereby 
the computer unit Is configured such that a plurality of digital signal values 
are determined from the electrical signal. 

15. Arrangement according to one of the claims 10 through 14, 
whereby the computer unit is configured such that the model is a non- 
linear regression model of the transmission channel. 

16. Arrangement according to claim 1 5, whereby the computer 
unit is configured such 

- that the target function is formed according to the following rule: 



i=r 



Non 



i = k + l 



n 



Hon 



with 

Pi = L(Ui[yi), and with 
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L(ui|y) ^ 



V4 =+1 



V6C 
Vi =-1 



(y - z) (y - s) 



whereby 



No indicates a single-sided noise power density, 
n indicates a plurality of digital signal values contained in the signal, 
Ei, denotes an average signal energy for one of the k signal values, 
5 i.e. of the information bits, 

k denotes a plurality of digital signal values contained in the 
electrical signal, 

y denotes a vector from gothic St" that describes the signal, 
C denotes the set of all channel code words, 
10 - C denotes an n-dimensional random quantity for describing the 

signal value, 

V denotes a vector from C, 

i denotes an index for unambiguous identification of the signal value 

Vj, 

15 - Uj denotes a random variable of the signal value Vj, 

L(Uily_) denotes the dependability degree, 

J, denotes a set of digital values of the redundancy information, and 
j denotes a further index, 
the factor in the numerator. 
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1 7. Arrangement according to one of the claims 1 0 tinrough 16, 
whereby the computer unit is configured such that the target function is 
subjected to a global minimization. 

1 8. Arrangement according to one of the claims 1 0 through 1 7 
that is allocated to a radio transmission system. 

1 9. Arrangement according to one of the claims 1 0 through 1 7 
that is allocated to a system for the reconstruction of archived digital data. 
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A B STRACT 

Method and Arrangement for Determining at Least One Digital Signal 
Value fro m an E laotrical Signal 



5 The electrical signal contains signal information [and] redundancy 

information for the signal information determined from the signal 
information. A dependability degree is approximated from the electrical 
signal for forming at least one signal value, and the signal value is 
determined dependent on the dependability degree. This ensues in that a 
10 target function that contains a model of a transmission channel is 

optimized (Step 101), and the approximation ensues upon employment of 
the target function (Step 102). 
Fig. 1. 
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Staatsangehorigkeit den im Nachstehenden nach 
meinem Namen aufgefuhrten Angaben entsprechen, 



dass ich, nach bestem Wissen der ursprungliche, 
erste und alleinige Erfinder (falls nachstehend nur ein 
Name angegeben ist) oder ein ursprungiicher, erster 
und Miterfinder (falls nachstehend nnehrere Namen 
aufgefuhrt sind) des Gegenstandes bin, fur den dieser 
Antrag gestellt wird und fur den ein Patent beantragt 
wird fur die Erfindung mit dem Titel: 



Verfahren und Anordnunq zur Ermittlung 
mindestens eines diaitalen Siqnalwerts 
aus einem elektrischen Signal 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are 
as stated below next to my name, 



I believe I am the original, first and sole inventor (if 
only one name is listed below) or an original, first and 
joint Inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the Invention entitled 



deren Beschreibung 

(zutreffendes ankreuzen) 
hier beigefugt ist. 

□ am als 

PCT Internationale Anmeldung 

PCT Anmeldungsnummer 

eingereicht wurde und am 

abgeandert wurde (falls tatsachlich abgeandert). 



the specification of which 

(check one) 

[U Is attached hereto. 

□ was filed on as 

PCT international application 

PCT Application No. 

and was amended on 

(If applicable) 



Ich bestatige hiermit, dass ich den Inhalt der obigen 
Patentanmeldung einschliesslich der AnsprQche 
durchgesehen und verstanden habe, die eventuell 
durch einen Zusatzantrag wie oben erwahnt abgean- 
dert wurde. 



1 hereby state that I have reviewed and understand the 
contents of the above identified specification, 
including the claims as amended by any amendment 
referred to above. 



Ich erkenne meine Pflicht zur Offenbarung Irgendwel- 
cher Informationen, die fur die Prufung der vorliegen- 
den Anmeldung in EInklang mit Absatz 37, Bundes- 
gesetzbuch. Paragraph 1.56(a) von WIchtlgkeit sind, 



I acknowledge the duty to disclose information which 
Is material to the examination of this application in 
accordance with Title 37, Code of Federal 
Regulations, §1. 56(a). 



Ich beanspruche hiermit auslandische Prioritatsvor- 
teile gemass Abschnitt 35 der Zivilprozessordnung der 
Vereinigten Staaten, Paragraph 119 aller unten ange- 
gebenen Auslandsanmeldungen fur ein Patent oder 
eine Erfindersurkunde, und habe auch alle Auslands- 
anmeldungen fiir ein Patent oder eine Erfindersurkun- 
de nachstehend gekennzelchnet, die ein Anmelde- 
datum haben, das vor dem Anmeldedatum der 
Anmeldung liegt, fur die Prioritat beansprucht wird. 



I hereby claim foreign priority benefits under Title 35, 
United States Code, §119 of any foreign appllcation(s) 
for patent or inventor's certificate listed below and 
have also identified below any foreign application for 
patent or inventor's certificate having a filing date 
before that of the application on which priority is 
claimed; 
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German Language Declaration 




Prior foreign appplications 
Prioritat beansprucht 




Priority Claimed 


1 P7 1 fi 494 3 Germanv 30. Aoril 1 9 




m □ 


(Number) (Country) (Day Month Year Filed) 
(Nummer) (Land) (Tag Monat Jatir elngereicht) 


Yes No 
Ja Nein 






□ □ 


(Number) (Country) (Day Month Year Filed) 
(Nummer) (Land) (Tag Monat Jahr eingereicht) 


Yes No 
Ja Nein 






□ □ 


(Number) (Country) (Day Month Year Filed) 
(Nummer) (Land) (Tag Monat Jahr eingereicht) 


Yes No 
Ja Nein 


Ich beanspruche hiermit gemass Absatz 35 der Zivil- 
prozessordnung der Vereinigten Staaten, Paragraph 
120, den Vorzug aller unten aufgefuhrten Anmel- 
dungen und falls der Gegenstand aus jedem 
Anspruch dieser Anmeldung nicht in einer fruheren 
amerikanischen Patentanmeldung laut dem ersten 
Paragraphen des Absatzes 35 der ZivilprozeBordnung 
der Vereinigten Staaten, Paragraph 122 offenbart ist, 
erkenne ich gemass Absatz 37, Bundesgesetzbuch, 
Paragraph 1.56(a) meine Pfllcht zur Offenbarung von 
Informationen an, die zwischen dem Anmeldedatum 
der fruheren Anmeldung und dem nationalen oder 
PCT internationalen Anmeldedatum dieser Anmel- 
dung bekannt geworden sind. 


1 hereby claim the benefit under Title 35. United 
States Code. §120 of any United States application(s) 
listed below and, insofar as the subject matter of each 
of the claims of this application is not disclosed in the 
prior United States application in the manner provided 
by the first paragraph of Title 35, United States Code, 
§122, 1 acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal 
Regulations, §1. 56(a) which occured between the 
filing date of the prior application and the national or 
PCT international filing date of this application. 


(Application Serial No.) (Filing Date) 
(Anmeldeseriennummer) (Anmeldedatum) 


(Status) 

(patentiert, anhangig, 
aufgegeben) 


(Status) 

(patented, pending, 
abandoned) 


(Application Serial No.) (Filing Date) 
(Anmeldeseriennummer) (Anmeldedatum) 


(Status) 

(patentiert, anhangig, 
aufgeben) 


(Status) 

(patented, pending. 


Ich erklare hiermit, dass alle von mir in der vorliegen- 
den Erklarung gemachten Angaben nach meinem 
besten Wissen und Gewissen der vollen Wahrheit 
entsprechen, und dass ich diese eidesstattliche Erkla- 
rung in Kenntnis dessen abgebe, dass wissentlich und 
vorsatzlich falsche Angaben gemass Paragraph 1001, 
Absatz 18 der Zivilprozessordnung der Vereinigten 
Staaten von Amerika mit Geldstrafe beiegt und/oder 
Gefangnis bestraft werden koennen, und dass derartig 
wissentlich und vorsatzlich falsche Angaben die Gul- 
tigkeit der vorliegenden Patentanmeldung oder eines 
darauf erteilten Patentes gefahrden konnen. 


1 hereby declare that all statements made herein of 
my own knowledge are true and that all statements 
made on information and belief are believed to be 
true, and further that these statements were made 
with the knowledge that willful false statements and 
the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 
of the United States Code and that such willful false 
statements may jeopardize the validity of the 
application or any patent issued thereon. 
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German Language Declaration 



VERTRETUNGSVOLLMACHT: Als benannter Erfinder 
beauftrage ich hiermit den nachstehend benannten 
Patentanwalt (oder die nachstehend benannten 
Patentanwalte) und/oder Patent-Agenten mit der 
Verfolgung der vorliegenden Patentanmeldung sowie 
mit der Abwlcklung ailer damit verbundenen 
Geschafte vor dem Patent- und Warenzeichenamt: 
(Name und Registrationsnummer anfuhren) 



POWER OF ATTORNEY: As a named inventor, 
hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all 
business in the Patent and Trademarl< Office 
connected therewith, (list name and registration 
number) 



And I hereby appoint 

Messrs. John D. Simpson (Registration N o. 19.842> Lew is T. SteadmanJ12J374),-Willlam C. Stueber (16f4S%-R.-Phillips Connor X3a,25a)Ljpennis A. Gross 
i g't. jig). M arvin Moady41fi,54%^ven H. NollJ2a5a2J3f^ A. Valique l (27.841). T homas I. RossJTBJJS^ Kevin W. Guvnn (29.927). Edward A. Lehmann 
(22,31 2)jJames D. Hobart (24,149iJ?obert M. Barrett .<30rW2)v James Van Santen (16.584). J . Arthur Gross (13 ,fi1S) , Rinharrl J. Schwarz (13j,472)and 
id R. IVIelz.qer^2 j19), Jo hn R. Garrett (27,Saa) all members of the firm of Hill, Steadman & Simpson, A l=rof5sdonal 



Telefongesprache bitte richten an: 
(Name und Telefonnummer) 



Direct Telephone Calls to: (name and telephone 
number) 

312/876-0200 



Send Correspondence to: 

HILL, STEADMAN & SIMPSON 
A Professional C orporation 
85th Floor Sears Tower, Chicago, lllihois 60606 



Voller Name des einzlgen oder urspriingliohen Erfinders: 

SCHAFFLER. Stefan 


Full name of sole or first Inventor: 


Unterschrift des Srtinders Datum 


Inventor's signature 


Date 


Wohnsltz f , 

D-86199 Augsburg, Germany^^ /y 


Residence 


Staatsangehorlgkelt / 

Bundesrepublik Deutschland 


Citizenship 


Postanschrift 

Paul-Lincke-Str. 15 


Post Office Addess 


D-86199 Augsburg 
Bundesrepublik Deutscliland 




Voller Name des zweiten Miterfinders (falls zutreffend); 


Full name of second joint inventor, if any: 


Unterschrift des Erfinders Datum 


Second Inventor's signature 


Date 


Wohnsitz 


Residence 


Staatsangehorlgkelt 


Citizenship 


Postanschrift 


Post Office Address 







{Bitte entsprechende Informafionen und Unterschriften ii 
Falle von dritten und weiteren IVIiterfindern angeben). 



(Supply similar information and signature for third and 
subsequent Joint inventors). 
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